Abstract Frequently, the imaging features of stress fractures may be misinterpreted as tumour-like lesions. The aim of this study was to analyse the quality of different examinations in detecting stress fractures mimicking tumour-like lesions in magnetic resonance imaging (MRI). We evaluated 22 cases which were referred to our department with the suspected diagnosis of bone tumours turning out to be stress fractures. Whenever the MRI did not lead to a diagnosis after a second review, computed tomography (CT) scans and, if still required, additional examinations were performed until the fracture was detected. A stress fracture was diagnosed in 15 cases after the additional CT scan, in five cases with the review of the MRI and in two cases with a combination of several examinations. Especially in stress fractures of the tibia and the femur, CT scanning was essential for making a diagnosis by detecting the fracture line. Bone scans and biopsies, in contrast, were not helpful in making a correct diagnosis.
Introduction
A stress fracture is caused by repetitive overloading of a bone, exceeding its mechanical capacity. Two groups can be distinguished: fatigue fractures, which develop by excessive loads in normal bones, and insufficiency fractures, with normal loads acting upon bones with reduced mechanical properties [3, 19] . Pathological fractures in tumour lesions may, hence, be seen as a form of insufficiency fractures.
Stress fractures may occur as an accumulation of microdamage when the overload persists during the phase of bone weakening [22] . This fits well with some studies describing the first appearance of symptoms, for example, in fresh military recruits, between 10 and 12 days after the beginning of training [20] .
The most important diagnostic study is a plain radiograph in two planes. However, in early stages, the sensitivity may be as low as 10%, rising to 30-70% at follow-up [12] . The first radiographic feature is the "grey cortex sign," an area of decreased density in the cortex [17] . Later, localised periosteal reactions are frequent indicators for stress fractures [3] .
If plain radiographs appear normal, most authors advise magnetic resonance imaging (MRI), as a number of studies have shown that MRI has a high sensitivity and specificity [5, 6, 8] . To increase the diagnostic value of T1-and T2-weighted images, the examination should be complemented by short inversion time inversion recovery (STIR) and fat-suppressed T2-weighted images [1, 2] . A staging system, as described by Fredericson et al. [7] , can be used. But even with MRI, it is, in some cases, difficult to differentiate stress fractures from infections, bone infarctions or neoplastic lesions (such as osteosarcoma or Ewing sarcoma) [2, 18] .
In this study, we analysed diagnostically difficult stress fractures mimicking tumour-like lesions in plain radiographs and MRI. The aim was to determine the sensitivity of additional examinations in detecting the stress fracture.
Methods
We retrospectively evaluated 22 cases. All of these patients were referred to the Orthopaedic Oncology department by general practitioners and orthopaedic surgeons between 1 January 2004 and 31 December 2006 with the diagnosis of a tumour or a tumour-like lesion. As an inclusion criterion, all patients had pain as the first symptom and had already undergone plain radiographs and an MRI. Some additional examinations (computed tomography [CT] scans, scintigraphies and biopsies) were also performed before admission. There were no exclusion criteria defined.
At the time of presentation, all examinations were reviewed by the senior author (H.-R. D) and an experienced skeletal radiologist (A. B-M). Whenever the diagnosis remained uncertain, additional studies, beginning with CT scans (if not already performed) and followed by bone scans and biopsies, were performed.
Results
The average age of the 22 patients (17 women, 5 men) was 47.9 years (range 6-80 years). In ten cases, the lesion was located in the pelvis (45.5%), in seven patients in the tibia (31.8%) and in five cases in the femur (22.7%). The ten patients (9 f, 1 m) with pelvic lesions (six sacrum, two pubic bone, one sciatic bone and one acetabulum) had an average age of 63.9 years. The average age of the seven patients (4 f, 3 m) with tibial involvement was 30.3 years. The five patients (3 f, 2 m) with a femoral stress fracture had an average age of 40.4 years.
In addition to the radiographs and the MRI, three CT scans, five scintigraphies and two biopsies had been performed prior to the referrals. In addition, we performed 16 CT scans, two scintigraphies and one biopsy. The key to the diagnosis was a CT scan in 15 cases (68.2%), a review of the MRI in five cases (22.7%) and in two cases (9.1%), a combination of several studies. This reveals a sensitivity of 78.9% for the CT scan. The seven scintigraphies did not lead to the exclusion of any differential diagnosis (sensitivity of 0%). In total, three patients had a biopsy performed, excluding a tumour in all of these cases. But this examination did not lead to the diagnosis of a stress fracture (for example, by showing callus formation).
To further evaluate the value of the different imaging methods, the diagnostic imaging tool was linked to the site of involvement. The ten pelvic stress fractures could be identified by MRI in three cases, in five cases with CT scans and in two cases by a combination of examinations (see Figs. 1 and 2) . Regarding the tibia, the clue to the diagnosis was CT in six cases. In one case, an MRI examination was sufficient for reaching a diagnosis (see Fig. 3 ). For the diagnosis of a femoral stress fracture, MRI was sufficient in one case and in four other cases, a CT scan was helpful. 
Discussion
The stress fractures included in this study were uncommon cases in which the diagnosis was unclear. They represent pre-selected cases that were referred to us after a general practitioner or an orthopaedic surgeon had diagnosed a tumour in the initial MRI.
The fact that only 22 of these cases were referred to our centre over a period of 3 years reflects the literature, stating that most stress fractures can be clearly identified using MRI [2, 18] . In five cases, a second review of the MRI was able to exclude neoplastic processes and diagnose the fracture.
The distribution of the involved bones was similar to the literature. Regarding stress fractures of the lower extremity, the tibia was, according to other studies, the most frequently affected bone [13] . Especially, the posterior medial shaft is a preferred location (see Fig. 3b ) [16] . The stress fractures in the femur and in the pelvis were also as described in the literature [11, 12, 21] .
If MRI alone was not sufficient, additional studies were necessary. In our series, CT scanning proved to be the most sensitive additional imaging method. In 15 of the 19 (78.9%) performed CT scans, the fracture line could be detected and a stress fracture was diagnosed. Regarding only the 16 cases in which CT scanning was performed in our hospital (after excluding five cases by the review of all MRI scans), the sensitivity was 93.8%. In two of the four cases in which the CT scan alone could not identify the fracture, a combined review of the MRI and the CT scan was successful.
After having localised the lesion in MRI, we could focus the CT scan on a small region of interest, hence, radiation exposure was reduced. Similar to the literature, highresolution multislice CT and multiplanar reconstructions turned out to be very helpful in depicting the fracture lines. According to other studies, CT scanning had the highest diagnostic value in stress fractures of the femur and the tibia [6] . Since, according to the literature, the sensitivity of CT regarding all stress fractures without preselection is lower than that of MRI and bone scintigraphy, its role remains mainly limited to excluding other diagnoses [15] .
In contrast, bone scintigraphy has a relatively high sensitivity in the early stages, since a tracer uptake may be seen already 6-72 h after the onset of symptoms [10] . In later stages of stress fractures, the decreasing sensitivity of bone scintigraphy could be improved by performing a single photon emission computed tomography (SPECT) [9] . But comparable to the low specificity stated in the literature, we could not exclude differential diagnoses in any case by bone scanning alone [4, 14] . If a suspected stress fracture could not be identified by MRI, a bone scan gave no additional information. The same held true for biopsies. Since the histological examinations could not identify the stress fracture, we would perform a biopsy only in very rare cases to exclude a neoplastic lesion, as recommended by Lassus et al. [13] . In some cases, a biopsy of the callus can affect fracture healing and may be misinterpreted as a neoplastic process [12] .
In summary, we recommend radiographs followed by MRI if the radiographs show no pathological findings. In cases where MRI does not show the stress fracture, a CT scan (with thin-layer imaging) was most helpful. Bone scans or biopsies did not enhance the diagnostic accuracy in these difficult cases. An accurate clinical assessment remains very important.
